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4. Science Goal

The goal of thisresearch isto develop and implement a new radiation parameterization
schemein aGCM and utilize ARM datato test the performance of the scheme. The steps
toward this goa include:

A. Ongoing refinement of the scheme devel oped;
B. Introduction of accelerated methods of computation;
C. Improvement to optical property parameterizations;

D. Development of avalidation strategy including use of CART data and

participation in model comparison activities.

5. Progress/Accomplishments

* Implemented the new radiation scheme in the CSU GCM. This new scheme is now

being adopted as the principle radiation scheme of that model.

* Refinement of rapid 3D-line-by-line Monte Carlo simulations of various cloud types
for testing the model.

* Participate in the 3D radiative transfer intercomparisons and this 3D scheme
ICRCCM Il intercomparison effort.

5.1 Two-streamradiative transfer parameterization

Within the past twelve months, the Stephens Group’ s two-stream radiative transfer model
that isthe primary radiative transfer scheme of the Colorado State University General
Circulation Model has been tested and improved. As presented at the Tenth ARM Science



Team Meeting in San Antonio, several two-stream approximations were tested and their
performance was judged in the context of typical GCM-produced input parameters including

optical depth and single-scattering albedo.

The two-stream code has undergone many changes to increase speed when run for
multiple GCM columns. Timing tests have been performed on the two-stream code and
compared with results from the Harshvardhan scheme as originally applied in the CSU-
GCM.

Another important aspect of the new two-stream code has to do with itsinclusion of
infrared multiple scattering. Neglecting this effect, as most GCM radiation schemes do,
leads to errors in outgoing, atmospheric absorbed, and surface downwelling longwave
radiation asindicated in Figure 1. This represents a significant and unaccounted-for biasin
these models.

5.2 Acceleration methods for radiation parameterization scheme

Methods for accelerating the computation of fluxes have been devel oped and tested.

These methods include the adjoint perturbation approach and the method of selection rules.

Properties of the selection rules have now been characterized and fully implemented in
the CSU-GCM. Thiswork extends the development described in the adjoint perturbation
work by including the framework for rapidly calculating broadband IR fluxes. The
combination of selection rules (solar and longwave) and standard two-stream solver resultsin
what we call the hybrid model. The selection rule criteriarequires that there be either strong
absorption or weak scattering.

5.3 Three-dimensional transport devel opment

We have developed a Monte Carlo radiative transfer model that simulates the transport of
solar radiation through an atmosphere consisting of three-dimensional distributions of cloud
and/or aerosols embedded in a profile of absorbing gases. This model employs the
equival ence theorem which, by keeping track of path length information, allows spectral flux
calculations to be performed at any wavelength resolution. By integrating stored path length
probability distributions, absorption due to gasisincorporated into the calculation after the
Monte Carlo portion of the code has been run. It isthrough this separation of the gaseous

attenuation that both high-spectral resolution and model speed are possible.



The current Monte Carlo/Equivalence Theorem code is being run on the Cray T3E multi-
processor computer at the Geophysical Fluid Dynamics Laboratory (GFDL). We are
working with the group headed by V. Ramaswamy to use their shortwave line-by-line
gaseous absorption database in this model.

The model has undergone several modifications in the past two yearsto increase its speed
and accuracy while decreasing its use of computer memory. Along with the use of this code
by us and the GFDL group to do research involving three-dimensional radiative transfer, we
are using it as one of the benchmark algorithmsin the Intercomparison of Radiation Codesin
Climate Models (ICRCCM), Phase 3. A version of the model is also an active participant in
the Intercomparison of the Three-Dimensional Radiation Codes (13RC).

6. Sdected Highlights of Current Research

» Figure 1 shows the zonally averaged broadband LW fluxes introduced by the
common assumption that IR scattering by cloudsis negligible. The global mean bias
introduced to OLR exceeds 8 WM™,

» Figure 2 highlights the computational performance of the radiation scheme expressed
in terms of the number of layers that defines the vertical model resolution. The
essential character of the schemeislinear in layer as opposed to other schemes that

are moretypically quadratic in layer.

» Figure 3 shows area-averaged downwelling line-by-line spectral solar fluxes (middle
panel) for amodel atmosphere containing a 3D cloud distribution (upper panel). The
spectral fluxes were determined using full-up 3D radiative transfer based on methods

developed as part of this research.
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Figure 1: The zonally averaged broadband LW fluxes introduced by the
common assumption that IR scattering by cloudsis negligible. The global

mean bias introduced to OLR exceeds 8 WM™
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Figure 2: Highlights the computational performance of the radiation scheme expressed in
terms of the number of layers that defines the vertical model resolution. The essentia

character of the schemeislinear in layer as opposed to other schemes that are more
typically quadratic in layer.
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Fig. 3
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Figure 3: Area-averaged downwelling line-by-line spectral solar fluxes (middle panel)
for amodel atmosphere containing a 3D cloud distribution (upper panel). The spectral

fluxes were determined using full-up 3D radiative transfer based on methods developed
as part of thisresearch.




